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ABSTRACT OF THE DISCLOSURE

A sound attenuating ear cup suitable for employment
in very high sound intensity environments, including
means for opening and closing a physical path for sound
communication from the exterior to the interior of. the
ear cup, characterized by an aperture leading from the
exterior to the interior of the ear cup for providing such
a sound path, a valve means which can be fitted into the
aperture to completely close it off, the valve means having
sound attenuating properties approximately equal:to that
of the ear cup so that when inserted into .the. aperture
the sound path'is completely removed, and movable
means connecting the valve means and the ear cup so that
the valve means can be located: completely ‘within the
aperture to close off sound communication or completely
outside the aperture to. open the sound communication
path, so that the two conditions can be readily tactually
discriminated by the wearer, all to the purpose of pre-
venting the wearer. from thinking that he is in a low
sound intensity environment when indeed he is in a high
sound intensity environment and does not know: it because
the valve means is in place within the aperture preventing
him from realizing that a high intensity sourd environ-
ment exists. With the present invention the wearer is
prevented from damaging his hearing by his mistake in
such a situation because he can readily tactually determine
by very simply touching of his hand to his ear cup whether
or not the valve means is in place, and therefore whether
or not-he is in a low sound environment or merely seems
to be because the valve member is in place.

e ——————

Background of the invention

It is desirable to protect the ears of persons who are
required to: work 'in the vicinity of machines producing
intense noises. The problem is particularly acute. among
personnel required to work in the vicinity of jet aircraft.
In-order to provide such protection, it has been proposed
to provide sound attenuating housing’ structures, com-
monly called ear-cups, which are:typically rigid shells
and to mount those structures on a helmet, a head-band,
or the like, so that they may be held fixed in place over
the wearer’s ears.

Each of the sound attenuating devices of this-type must
be made of sufficiently large dimensions to ensure that the
entire ear of the wearer is enclosed, and to provide suffi-
cent interior space within the device for receiving sound
absorbing material to afford adequate protection from
high intensity sounds. In addition, a telephone: receiver
usually is incorporated within at least one of a pair of
ear cups to provide a means of communicating with the
wearer when the sound attenuating device is in its en-
gaged position about the wearer’s ear, closing off acous-
tical transmission between the wearer’s ear and the atmos-
phere. ‘

It has been proposed to provide, in the shell of one
or both of the sound attenuating devices, a valve which
the wearer may adjust selectively to.an open position to
permit aural communication therethrough, without neces-
sitating -the.removal of the devices from their engaged
positions about the wearer’s ears, and to a closed position
to provide the:desired sound attenuation.
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A sound attenuating device including such a valve is
shown in my copending application for United States
Letters Patent, Ser. No. 29,026, filed May 13, 1960. Each
of the sound attenuation devices disclosed therein com-
prises a hollow member, such as a rigid shell, adjustably
mounted on a helmet and adapted to enclose the ear of
the wearer of the helmet. The rigid shell comprises a wall
extending about a space within the shell and defining the
continuous periphery of an opening at one: side of the
space. A ring formed of sponge rubber or other resilient
material extends along the periphery of the opening for
engaging the head of the wearer of the helmet. The valve
comprises a plurality of apertures in the wall of the shell
and a rotatable disc having a corresponding plurality of
apertures. The disc is mounted on the rigid shell and is
adapted for selective rotation to an open position in which- -
the apertures therein are aligned with respectively asso-
ciated: apertures in the rigid shell to permit aural com-
munication through the latter, and to closed position in
which the apertures in the rigid shell are blocked by the
solid or unapertured portions -of the disc, thus closing off
acoustical transmission through the apertures in the rigid
shell,

Although the valve of my copending application pro-
vides ‘the desired “selection: between closed and opened
positions, certain - difficulties accompany its use. In par-
ticular, it is somewhat difficult for the:wearer to deter-
mine. quickly by the sense of touch, whether the disc is
rotated to a position aligning the apertures and opening
the valve, or to.a position blocking the apertures and
closing the valve. This inability to determine the open or
closed position of the valve may. be very detrimental,
such as where the wearer of the sound aftenuation cup
is in an area of high intensity sound. The wearer may
become confused by the intensity of the sound reaching
his ears through the ear cups and, thinking.that the
valve is open, rotate the disc, intending toclose the aper-
tures, but inadvertently aligning the apertures and permit-
ting -sound transmission ‘therethrough.” Depending upon
the degree of intensity of the ambient sound, the inad-
vertent opening of the valve may result'in injury to the
wearer. Where: the wearer is' required to wear gloves
or other hand protective devices, the operation of the
valve and the tactual determination of its open or closed
position becomes increasingly difficult.

It is therefore an object of this invention to provide a
valve for a sound attenuating device which enables the
wearer thereof readily to determine tactually its.open or
closed position. Another object is to provide such a device
in which such- a ‘tactual determination of the openor
closed position of the ‘valve is' made as a normal and
natural part of the manual movement of the valve between
its open and closed positions.

A further object of this invention is to. provide a valve
for a’sound “attenuating ‘device having. improved sound
attenuation characteristics in its closed condition.

Still a further object of this invention is to provide a
valve for a sound attenuation device which is low in cost
and easy to. manufacture and which provides a high degree
of sound attenuation in its closed position. .

Brief description of the invention

In accordance with a preferred embodiment of the in-
vention, the sound attenuating device includes a hollow
member such as the ear cup of my above-described co-
pending application. An improved valve is carried by the
hollow member and is operable between an open posi-
tion to establish communication through the ear cup and
thus to the ear of the wearer of the device and a closed po-
sition to.attenuate acoustical transmission through the ear

 cup from the atmosphere. The valve includes valve seat
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means comprising a cylindrical aperture in the shell wall
and the inner and outer marginal surfaces of the shell wall
surrounding the aperture. The valve means also includes
a valve plug formed of a resilient, non-porous material,
and having a sealed drum and a flange. The drum com-
prises a hollow cylinder closed at its inner and outer ends
by interior and exterior diaphragms, respectively, a radi-
ally projecting rim joining the interior diaphragm to the
cylinder. The drum defines an enclosed chamber which
may be filled with a fiuent, sound-absorbing material.
The flange is joined to the outer end of the drum and
includes a first tab providing a flexible hinge for con-
necting the valve plug to the shell in all positions of
the valve plug and a second tab, diametrically opposite
the first tab, which may be grasped for changing the
position of the valve plug. To close the valve, the drum
is inserted in a snug fit within the aperture with the
flange engaging the outer surface of the cup. By apply-
ing an inwardly directed force to the exterior diaphragm,
such as by the wearer pushing against the exterior dia-
phragm with his finger, the interior diaphragm is dis-
tended and moves inwardly of the cup, drawing the radial
rim inwardly. Upon removal of the finger and termination
of the force, the diaphragms retract and the rim is drawn
into snug engagement with the margin of the inner surface
of the cup. The rim overlaps the juncture of the drum
cylinder and the aperture-defining surface of the cup and
provides further sealing of the aperture for attenuating
acoustical transmission therethrough. To permit aural com-
munication through the aperture, the second tab of the
flange is grasped and the drum portion of the valve is
removed from the aperture, the valve plug being suspended
in hinged fashion from the shell by the first tab of the
flange.

By a quick tactual inspection, the wearer of the helmet
may determine that the valve plug is removed from the
aperture and suspended from the cup, and thus that the
valve is in its open position; conversely, the flush relation-
ship of the flange of the valve plug with the outer surface
of the cup when the valve is closed enables the wearer
readily to determine the closed position of the valve, Fur-
thermore, such a tactual inspection is a necessary and
natural preliminary to any manual change in the valve
position.

Other objects and features of the invention will be
understood from the description to follow of the drawings,
in which:

FIG. 1 shows in side elevation a helmet supporting a
sound attenuation device incorporating the valve means
of the invention, in place on the head of a wearer;

FIG. 2 is a section on line 2—2 of FIG. 1 showing a
cross-section of the sound attenuvation device, the means
for suspension thereof from the helmet shell, and the valve
seat means with the valve plug removed;

FIG. 3 is an enlarged elevational view showing the valve
plug of the invention as shown in FIG. 1;

FIG. 4 shows an exploded plan view of the valve plug
of the invention;

FIG. 5 is a section view taken along the arcuate line
5—5 of FIG. 1, showing the valve plug of the invention;

FIGS. 6 to 8 are sections on a portion of the line 2—2

~of FIG. 1, showing the valve seat means and the valve plug
of the invention in three positions during the seating of
the valve plug;

FIG. 9 is a fragmentary perspective view showing the
valve means of the invention in open position with the
valve plug removed from the valve seat means; and

FIG. 10 shows a second embodiment of the valve plug
of the invention in a section therethrough similar to the
section of FIG. 5;

FIG. 11 shows the valve plug of FIG. 10 in a section
therethrough similar to the section of FIG. 8; and

FIG. 12 shows a second embodiment of the valve of the
inventjon in a section therethrough similar to the section
of FIG. 8.
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FIGURES 1 TO 9

In FIG. 1 is shown a helmet 10 having a rigid sheil
11 of suitable material and having an opening on the
lower side thereof for receiving the head of the wearer.
The shell 11 is defined by an edge 12 disposed at a level
somewhat above the eyes and the nape of the neck. The
shell is supported in its position on the head by rigging and
head-band means (not shown).

A pair of ear cups 14 (only one of which is shown) is
provided on opposite sides of the helmet 10 and suspended
therefrom by suitable means, such as straps 15 and 16,
the latter being secured to the shell 11 by screws 17 and
18, respectively. The edge 12 of the shell extends about
bays 19 formed in the shell 11 to accommodate the ear
cups 14. A nape strap 20, having a buckle arrangement 21
to provide length adjustment, connects the pair of ear cups
14 and extends across the nape of the neck. A chin strap
22 having a chin cup 23 engaging the chin of the wearer
and a buckle arrangement 24 to provide length adjustment
also extends between the pair of ear cups 14 to secure
them in position about the ears’ of the wearer.

Referring concurrently to FIGS. 1 and 2, the ear cup
14 comprises a wall 30 extending about a hollow space
32 therewithin and defining the continuous periphery of
an opening at one side of the space 32. An annular
flange 33 extends in a radial direction, both inwardly
and outwardly, from the wall 30 about the periphery of
the space 32. A ring 34 of resilient material, such as
sponge rubber, is fixed to the flange 33 and includes an
outer cover 35 of leather, of suitable pliant material, for
engaging the head of the wearer. The ring 34 is of any
suitable configuration providing both comfort for the
wearer and a tight acoustical connection to the wearer’s
head, permitting communication between the ear of the
wearer and the hollow space 32 but closing off commu-
nication between the ear of the wearer and the atmos-
phere surrounding the ear cup 14.

A pair of annular flanges 36 and 37 extend radially
about the periphery of the wall 30 of the ear cup 14
and confine an endless cord 38 therebetween. Straps 15,
16, 20 and 22 (only strap 15 appearing in FIG. 2) are
looped about the endless cord 38 and secured thereby
to the ear cup 14. The ear cup 14 may be rotated rela-
tive to the straps and the endless cord 38 to a position
affording the greatest comfort and closest engagement
thereof with the head of each individual wearer to pro-
vide the desired sound sealing relationship.

Disposed within the space 32 and suitably secured to
the interior of the wall 30 is a body 40 of resilient sound
absorbing material. The body 48 includes interior walls
defining a pocket 41 within which suitable telephonic
equipment, e.g., a receiver, may be received. A retaining
layer 42 of similar material as the body 40 is positioned
in contiguous relationship therewith and is provided with
an aperture communicating with the pocket 41. An edge
portion of the layer 42 overlies the pocket 41 to secure
the telephonic equipment in position. Portions of the body
40 and the layer 42 are removed to provide an interior
passageway 43 communicating between the hollow space
32 and the valve of the invention. :

The valve of the invention includes a valve plug 46
and a valve seat means 47; the valve plug 46 is not shown
in FIG. 2 to enable illustrating the valve seat means 47
more clearly. The valve seat means 47 is provided in a
cylindrical boss 48 which is joined in a flaring fashion
to the wall 30. An aperture 49 is centrally disposed in,
and extends through the boss 45; the aperture 49 and
the passageway 43 provide a path for communication
from the atmosphere and through the ear cup 14 to the
space 32 adjacent the ear of the wearer. The valve seat
means 47 includes the cylindrical surface 494, defining
the aperture 49, and the inner and outer surfaces 494
and 49c, respectively, of the boss 48 of wall 30 which
surround the aperture 49.

The valve plug 46 is shown on an enlarged scale in
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FIG. 3, reference being had concurrently to FIGS. 1 to 3.
The valve plug 46 is movable into and out of ‘aperture
49 to provide the closed and open positions, Tespectively,
of the valve of the invention. The valve plug 47 is made
of a resilient, non-porous material; such as plastic, and
includes a sealed drum 464 and a flange 46b. When the
valve is closed (see FIG. 8), the drum 46q fits snugly
within' the aperture 49 and the flange 46b abuts against
the -outer surface 4%c of the boss 48. The flange 465
includes a first tab 50 having an aperture 5@a therein
for receiving a screw 50b to secure the valve plug’ 46
to. the ear cup 14. The first tab 50 provides a flexible
hinge for connecting the valve plug 46 in all positions
thereof to the ear cup 14. The flange 46b further in-
cludes a second tab 51 diametrically opposite the first
tab 50 and having a rib 51q therein, the rib 51a facilitat-
ing grasping of the second tab 51 for moving the valve
plug 46 between the open and closed positions of the
valve.

Preferably. the valve plug 46 is manufactured by tele- <

scoping an inner cup 55 within an outer cup 586, as illus-
trated in'the exploded view of FIG. 4. The inner cup
55 has a cylindrical ‘wall 55a closed at its-outer.end
by a diaphragm 55b. The outer cup 56 has-a cylindrical
wall 56a closed -at its inner end by a diaphragm 56b.
A radially projecting rim 56c¢ joins the diaphragm 58b
to the cylindrical wall 56a. The flange 465 is formed
integrally with the outer end: of the outer cup. Cup 55
fits snugly within cup 56 and the. walls 554 and 56a are
sealed: together by heat sealing or bonding at their cir-
cumferential interface for at least a short axial extent
adjacent their inner ends, defining a sealed chamber with-
in drum 46a4. :

The drum 464 filled with a fluent material, ie., a gas,

a liquid or a particulate solid. Preferably, the fluent ma-
terial is ‘one having sound absorbing properties, e.g., lead
oxide. The fluent material, however, preferably is select-
ed'so as not to impede flexing or slight distorting of the
interior and exterior diaphragms 56b and :55b. The dis-
torting of the -diaphragms 565 and 550 is advantageous
in the closing -of -the valve, as discussed below, and is
permitted due to the resiliency of the diaphragms. The
cylindrical wall of the drum 46z, due'to its double thick-
ness provided by the cylindrical walis 53a and 564, is less
subject to distorting: than the diaphragm in accordance
with' the requirements -of the valve. If desired, the walls
55a and 56a may: be made. slightly thicker than their
agsociated diaphragms- 556 and 56b, respectively, to in-
crease the relatively greater stiffness of the cylindrical wall
of the drum.
- 'FIGS. 6 to-.8 show three positions of the valve plug
46 as it is seated in the valve seat means 47 for closing
the valve. The drum 46z is inserted within the aperture
49, the cylindrical wall 49a depressing the radial rim
S6c radially inwardly and slightly distorting the interior
diaphragm- 565. The valvé plug 46 is pushed inwardly
to. bring the flange 465 into tight engagement with the
outer surface 49c surrounding the aperture 49, as shown
in FIG. 7. The wearer. applies an inwardly directed force
to the exterior. diaphragm 55b, as by pushing inwardly
thereon with his finger, causing the exterior diaphragm
55b to be depressed inwardly. Since the drum 464 is
sealed and defines an enclosed chamber therein, the pres-
sure applied to the exterior diaphragm 555 is transmitted
through the fluent material with the drum 462 and is
exerted against the interior diaphragm 565, causing it to
distend or bulge inwardly. and to move the rim 56¢ in-
wardly of the inner wall surface 495.

As-shown in FIG. 8, upon removal of the wearer’s
finger and, consequently, termination of the force applied
to the exterior. diaphragm :55b, the latter retracts to ap-
proximately its’ normal; generally ‘planar configuration.
The interior diaphragm 56b: also retracts and draws the
rim 56¢ into tight, sealing relationship with the:inner wall
surface 495, ‘
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The exterior diameter of the drum 46a is made ‘ap-
proximately equal to that of the aperture 49 such that
a tight sealing fit is secured between the’ cylindrical wall
of the drum 464 and the cylindrical wall surface 49a.
If desired, the surface 494 and the cylindrical wall of the
drum may each include a slight, corresponding taper:in
an inward, axial direction, such that a wedge fit is secured
therebetween. The axial length of the. cylindrical wall of
the drum 464 is made approximately equal:to the axial
length of the cylindrical surface:49a of the aperture 49
such that the radial rim 56c and the flange 465 tightly
engage the inner and outer wall surfaces 495 and. 49c,
respectively, and provide a seal overlapping the juncture
between the cylindrical wall of the drum and the surface
49¢ to assist in - attenuating acoustical transmission
through the aperture 49.

To open the valve, the second tab 51 is grasped and
pulled outwardly, removing the drum 464 from within
the- aperture 49. As shown in FIG. 9, the first tab. 50
provides a flexible hinge for movably connecting the valve
plug- 46 to the ear cup 14 in all positions of the valve,
the valve plug 46 being suspended from the wall 30 of
the ear cup 14 in the open position of the valve,

The suspended or hanging position of the valve plug 46
is-readily ascertainable by a tactual inspection by the
wearer and enables him- to' determine immediately -that
the valve of ‘the invention is in its open position. Con-
versely, the flush relationship of the flange 46b of- the
valve plug 46 with the surface 49c likewise is readily as-
certainable by a tactual inspection,-enabling. the: wearer
to determine that the valve is closed. The tactual inspec-
tion. is particularly effective since changing the position
of ‘the valve means between its opened and.closed con-
ditions requires, in any event, a manual grasping of the
valve.

Thus, when the wearer is in a region of high intensity
sound, the positive determination of the closed position
of the valve means of the invention, afforded by the
tactual -inspection, will -prevent him from erroneously
thinking that the valve means is open. With prior art
forms of the valves, such an erroneous determination may
easily occur with the result that the wearer, intending to
close the valve may instead open it, and subject himself
to injury from the high intensity sound.

FIGURES 10 AND 11

A second embodiment of ‘a valve plug suitable for
use in accordance with the invention is shown in FIGS.
10 and 11. Valve plug 60 includes a drum 60a and a
flange: 605, the latter including a first tab 61 having an
aperture -6la for receiving securing means to secure the
valve plug 60 to an ear cup 14. The flange 605 further
inclides a second tab 62, diameétrically opposite the tab
61 and having a rib 624 for facilitating grdsping of the
flange 60b for moving the valve plug 60 between: open
and closed positions.

The sealed drum 60a preferably is made by telescoping
a first or jnner cup 63 within an outer cup 64. The inner
cup. 63 includes a cylindrical sidewall 63z having a radial
protrusion. 634. about the circumference thereof; and a
diaphragm 63c closing one end of the cup. The outer cup
64 includes a cylindrical sidewall 644 having a radial pro-
trusion- 645 about the circumference thereof and -a dia-
phragm 64c closing the inner end of the cup 64. The cup
63 is-telescoped within the cup 64 with the radial protru-
sions 63b and 645 in mating relationship, the cylindrical
walls 63a and 64a being sealed together to define a closed
chamber within the sealed drum'60a. The radial protru-
sions 635 and: 645 form a radial protrusion about the cir-
cumference  of ‘the cylindrical wall -of the drum, inter-
mediate the inner and. outer ends thereof. The. enclosed
chamber within the drum 60a preferably is filled with a
fiuent sound -absorbing ‘material, ‘such as hereinbefore
described with reference to the valve plug 46:

* The valve plug 60 is employed with ‘a valve seating
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means identical to that of the foregoing figures, identical
elements being indicated by identical numerals. The valve
plug 60 is inserted into the aperture 49, to bring the
flange 60b into tight engagement with the outer surface
49¢ surrounding the aperture 49. The radial protrusion
provided in the cylindrical wall of the drum 60a has a
diameter slightly greater than that of the aperture 49 and
therefore tightly engages the cylindrical surface 49a. The
radial protrusion is forced or compressed radially in-
wardly by the surface 49a, distorting the axially adja-
cent portions of the cylindrical wall of the drum 60a.
The portions of the cylindrical wall axially displaced from
either side of the radial protrusion maintain the cylin-
drical configuration and remain in sealing engagement
with the cylindrical surface 49¢ and, in conjunction with
the engagement of the radial protrusion therewith, pro-
vide a tight, sound-sealing fitting of the drum 60a within
the aperture 49 to attenuate acoustic transmission there-
through.

The axial length of the drum 6€q relative to that of the
aperture 49 is not critical; however, it is preferable that
the relative axial lengths be such that radial protrusion
and the portions of the cylindrical wall of the drum 68a
axially displaced in either direction from the protrusion
engage the surface 49c to assure a sealing relationship
therebetween in the closed position of the valve. In addi-
tion, the flange 60b engages the outer surface 4%¢ when
the valve is closed and overlaps the juncture between
the drum 60z and the surface 49a to assist in attenuating
acoustic transmission through the aperture 49.

FIGURE 12

In FIG. 12 there is shown a further embodiment of the
invention having valve seat means including a generally
cylindrical boss 68 joined in a flaring fashion to a wall
30 of an ear cup. An aperture 69 is disposed centrally in
the boss 68 and provides a passageway for aural com-
munication through the wall 30. The valve seat means in-
cludes an annular recess 72 in the surface 69¢ which de-
fines the aperture 69. The annular recess 72 is coaxial
with the aperture 69 and is located intermediate the inner
and outer surfaces 695 and 69c, respectively, of the wall
30.

A screen 70 extends across the inner end of the aper-
ture 69 and is secured to the inner surface 69 of the wall
39 surrounding the aperture 69 by securing means, such
as pins 71. The screen 76 is formed of any suitable mate-
rial which readily permits of acoustical transmission
therethrough but which is sufficiently strong to withstand
inadvertent puncture or destruction. Preferably, the screen
is made of a fine wire mesh. The screen 70 serves to pre-
vent foreign objects, such as insects or dirt, from entering
the interior of the ear cup when the valve is in its open
position, thereby protecting the ears of the wearer from
such objects. :

A valve plug 46 which is identical to the valve plug of
FIGS. 1 to 9 and therefore is identified in FIG. 12 by iden-
tical numerals, is received within the aperture 69 in the
closed position of the valve to attenuate acoustical trans-
mission therethrough. The axial length of the cylinder of
the drum portion 465 is made approximately equal to
the axial length of the aperture 69 along the surface 6%z
intermediate the recess 72 and the outer surface 69c.

In moving the valve to its closed position, the drum
465 is inserted into the aperture 69 to bring the flange
46a into engagement with the outer surface 6%c. An in-
wardly directed force is applied to the exterior diaphragm
55p, such as by the wearer pushing inwardly thereon with
his' finger. The inwardly directed force is transmitted
through the sealed drum and distends the interior dia-
phragm 56b, moving it inwardly and drawing the radial
rim 56¢ inwardly, causing the latter to seat within the an-
nular recess 72. Upon removal of the finger and termina-
tion of the force, the interior and exterior diaphragms
365 and 55b contract to approximately the normal, planar
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configuration as shown, drawing the radial rim 56¢ out-
wardly and into sealing engagement with the annular
recess 72. The radial rim 86¢ and the flange 464 overlap
the juncture between the cylindrical wall of the drum
46b and the surface 49« and assist in attenuating acous-
tical transmission through the aperture 49 in the closed
position of the valve.

The use of a screen extending across the inner end of
an aperture in an ear cup is highly desirable, for the rea-
sons pointed out above. Such a screen may be employed
in all of the embodiments of the invention, with appro-
priate modifications of the screen or the valve seat and
the valve plug. For example, for use with the valve of
FIGS. 1 to 9, a screen may be fixed to an annular mount-
ing ring of greater interior diameter than the exterior
diameter of the rim 56¢. The ring would be secured to the
inner surface 495 coaxially about the aperture 49 and ex-
tend into the ear cup with the screen fixed to the inner
end of the ring. By mounting the screen in this manner,
a space of sufficient axial and radial extent is provided
for proper closing and seating of the valve plug 46, with
the rim 56¢ engaging the inner surface 49b, as shown in
FIGS. 6 to 8. :

The valve shown in FIGS. 10 and 11 is readily adaptable
to the use of a screen mounted across the inner end of
the aperture. In according with a first construction, since
the valve plug 66 does not engage the inner surface 490,
the screen may be mounted to the inner end of a ring
having the same interior diameter as the aperture 49.
As an alternative construction, the axial length of the
valve plug 68 may be made less than that of the aper-
ture 49, whereby the screen may be fixed directly to the
inner surface 49b. In either construction, sufficient space
is obtained for proper seating of the valve plug in the
closed position of the valve.

A significant advantage of the valve means of the in-
vention over the valve means taught by the prior art
relates to the ease with which the wearer may determine
the opened or closed condition of the valve means. By
a quick manual inspection, the wearer may readily ascer-
tain that the valve plug is hanging freely from the ear
cup and thus that aural communication through the ori-
fice is occurring. Conversely, when the valve plug is
received within the orifice, closing off communication
therethrough, the flush relationship of the flange portion
of the plug with the boss may likewise readily be deter-
mined. Furthermore, such determinations of the valve
position are necessarily made by a wearer operating the
valve in the normal manner, as a part of that operation.
Nevertheless, the wearer may actually determine the
valve position quickly and without opening or closing it.
Thus, the wearer will not inadvertently open the valve,
intended to close it.

Such inadvertent operation may easily occur with the
valves shown and taught in the prior art, with resultant
extreme danger to the wearer when he is in a high inten-
sity sound level area.

In summary, the valve means of the invention provides
both a very effective sound attenuating seal while never-
theless being very easy to operate between its closed and
open positions and permitting of a quick and simple

‘manual inspection to ascertain its position at any given

time.

Numerous modifications and adaptations of the valve
plug of the invention will readily be apparent to those
skilled in the art. Thus, it is intended by the appended
claims to cover all such modifications and adaptations
as fall within the true spirit and scope of the appended
claims.

What I claim is:

1. A sound attenuating device comprising:

(a) an ear cup adapted to receive an ear of a wearer

and having an aperture spaced from the rim of said
cup, said aperture when open provides a sound path
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from the exterior of the ear cup to the interior of
the ear cup so that sounds existing outside the ear
cup are transmitted to the ear of the wearer;

(b) a valve movable between a closed position within
said aperture and an open position completely out-
side said aperture, and said valve having sound at-
tenuating properties at least equal to those of said
ear cup so that the presence of said valve within said
aperture prevents the access of sound from outside
said ear cup into the interior of said ear cup as
regards said aperture; and

(c) means movably connecting said valve to said ear
cup in all positions of said valve.

2. A sound attenuating device as recited in claim 1

wherein said valve comprises:

(a) a drum;

(b) a flange joined to. the outer end of said drum;
and

(¢) said drum being received in said aperture and said
flange engaging the outer surface of said ear cup in
said closed position of said valve.

3. A sound attenuating device as recited in claim 2

wherein:

(a) said drum defines an enclosed chamber therein;
and

(b) said chamber in said drum is filled with a fluent
sound absorbing material.

4. A sound attenuating device as recited in claim 3

wherein said fluent sonud absorbing material is lead oxide.

5. A sound attenuating device comprising:

(a) an ear cup adapted to receive the ear of a wearer
and having an aperture spaced from the rim of the
cup, said aperture when open.provides a sound path
from the exterior of the ear cup to the interior of the
ear cup so that sounds existing outside the ear cup
are transmitted to the ear of the wearer;

(b) a valve movable between a closed position within
said aperture and an ‘open position completely. out-
side said aperture, and said valve having sound at-
tenuating properties at least equal to those of said
ear cup so that the presence of said valve within said
aperture prevents the access of sound from outside
said ear cup into the interior of said ear cup as re-
gards said aperture; and

(c) said valve including a flange abutting the exterior
surface of said ear cup in said closed position of said
valve; and

(d) said flange including a flexible hinge portion for
connecting said valve to said ear cup in all positions
of said valve.

6. A sound attenuating device as-recited in claim 5,
wherein said flange includes graspable means for moving
said valve between said closed and open positions.

7. A sound attenuating device as recited in claim §
wherein:

(a) said flange portion includes a first tab and a sec-

ond tab diametrically opposite said first tab;

(b) said first tab providing said flexible hinge portion
for connecting said valve to said ear cup in all posi-
tions of said valve; and

(c) said second tab comprising said graspable means
for moving said valve between said closed and open
positions.

8. ‘A sound attenuating device as recited in claim 7
wherein said second tab includes a r1ib projecting trans-
versely from the surface thereof to facilitate grasping of
said-second tab.

9. A sound attenuating device comprising:

(a) an ear cup adapted to receive the ear of a wearer;

(b) valve means-associated with said ear cup and mov-
able between a closed position for attenuating acous-
tic transmission through said ear cup and an open
position which " is readily - tactually - distinguishable
from the closed position for transmitting sound com-
munication through sajd ear cup;

(c) said valve means including valve seat means com-
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prising an aperture in said cup, spaced from the rim
of said cup, and the outer surface of the wall of said
cup surrounding said aperture;

(d) “said valve means further including a valve plug
having a sealed drum -and a flange joined to the
outer end of said drum, said drum being receivable
within said aperture with said flange engaging said
outer surface to provide said closed position of said
valve means and said drum being removable from
within said aperture to provide said open position of
said valve means.

10. A sound attenuating device as recited in claim 9

wherein:

(a) said valve seat means further includes the inner
surface of said wall of said cup surrounding said
aperture; and

(b) said drum includes a radially extending rim ad-
jacent the inner end thereof for engaging said inner
surface in said closed position of said valve means.

11. A sound attenuating device as recited in claim 9
wherein:

(a) said valve seating means further includes the inner
surface of said wall of said cup surrounding said
aperture;

(b) said drum includes a hollow cylinder, a radially
extending rim, and interior and exterior diaphragms,
said interior diaphragm being joined to: the inner
end of said hollow cylinder by said radially project-
ing rim and said exterior diaphragm being joined to
the outer end of said hollow cylinder to-define an
enclosed chamber therein;

(¢) said interior and exterior ‘diaphragms and - said
rim being formed of resilient material; and

(d) in closing said valve, said interior diaphragm dis-
tending inwardly of said cup in response to applica-
tion of an inwardly directed force to said exterior
diaphragm to move said rim inwardly of the inner
surface of said ear cup, and said interior and exterior
diaphragms contracting upon termination of said
force to draw said rim .into engagement with said
inner surface of said wall of said cup.

12. A sound' attenuating device as recited in claim 9
wherein said drum includes a hollow cylinder having.a
radial protrusion extending about the circumference there-
of intermediate the ends of said cylinder.

13. A sound attenuating device as recited in claim 9
wherein there is further provided a screen element ex-
tending across the inner end of said aperture.

14." A sound attenuvating device as recited in claim 9
wherein:

(a) said drum includes a radially extending rim ad-

jacent the inner end thereof,

(b) said aperture includes a coaxial annular recess
in the wall of said cup intermediate the inner and
outer surfaces thereof; and

(c) said rim of said drum is received in said annular
recess and said flange engages said outer surface in
said closed position of said valve means.

15.. A sound attenuating device comprising:

(a) an ear cup adapted to receive an ear of a wearer
and having an aperture spaced from the rim of said
cup;

(b) a valve movable between a closed position within
said aperture and an open position which is readily
tactually distinguishable from the closed: position,
said valve including a drum and a flange;

(¢) said drum is formed from an inner and an outer
<up;

(d) each of said inner and outer cups including a
cylindrical wall' and a diaphragm, one' diaphragm
being joined to the inner end of said hollow cylinder
of said .outer cup- and the other diaphragm being
joined to the outer end of said hollow cylinder of
said innér cup;

(e) said inner cup being telscoped within said outer
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cup and said hollow cylinders of said inner and References Cited
outer cups being joined together to define an en- UNITED STATES PATENTS
closed chamber within said drum; and .
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said valve to said ear cup in all positions of said

valve. ADELE M. EAGER, Primary Examiner,
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